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Non-Standard neutrino Interactions (NSI)


      of the form:


       modify oscillation in matter, 


        and are often proposed as solutions to the 
current “… neutrino anomaly” (solar, 
atmospheric, reactor, etc)!

LNSI = −2
√
2GF �fPαβ (ναγ

ρνβ)(fγρPf)

Wolfenstein ‘78 

f =SM fermion 
P=L,R 

Neutrino Flavor 
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Palazzo ’11 (Borexino+SK+SNO) 

Kopp et al. ’11 (MINOS) 

Friedland et al.’04 

�dPeτ ∼ 0.2

�qPττ ∼ 2

Currently allowed ! 

Currently allowed ! 
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Current Bounds on neutral current NSI with quarks 

  Muon neutrinos are very constrained (DIS)  

  NSI for tau and electron neutrinos are poorly constrained (LEP, DIS) 

q = u, d

LNSI = −2
√
2GF �

qP
αβ (ναγρνβ) (qγ

ρPq)

�qPτα �=µ � 1�qPeα �=µ � 0.5

�qPµα � O(10−2)
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To avoid the strong bounds on the charged lepton interactions 

one needs Higgs insertions [SU(2)L violation]…


Effectively: dimension-8 operators


Ldim−8
NSI = −

4�qPαβ
v4

(HLαγ
µ
HLβ)(qγµPq)

→− 2
√
2GF �qPαβ (ναγ

µνβ) (qγµPq)

�
1 +

h

v

�2

Examples of UV-completions: New non-sterile neutrinos (N) plus N-q mediators 

Is it phenomenologically viable to have NSI?  
What about SU(2)L invariance?! 
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What does the LHC say !
about NSI???!
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Monojet searches!
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At the LHC/Tevatron: 

Mono-Photon by  
Berezhiani & Rossi  ‘11 

NSI contact interaction 

pp/pp → jνανβ

CDF,  ATLAS, and CMS                                               with 1 fb-1 pp/pp → j+MET

 SM background:                                             and QCD multijets jZ → jνν, jW → jνl
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Missing ET could be any type of invisible stuff 

(Neutrinos, Sterile Neutrinos, Dark Matter, ADD gravitons, unparticles, etc)


BUT


  Only Neutrinos interfere with the SM!

  Neutrinos have electroweak interactions!

DM monojets: 
Birkedal et al. 04, Goodman et al. ‘10, 

Bai et al. ‘10 Fox et al. ‘11 

σ(pp/pp → j+MET) = σSM + �σint + �2σNSI
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  Colliders do not care about neutrino flavor
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  Colliders do not care about neutrino flavor

  World’s best bounds for tau and electron neutrinos for NSI contact 
interactions
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  Colliders do not care about neutrino flavor

  World’s best bounds for tau and electron neutrinos for NSI contact 
interactions

  Colliders do care about quark flavor, but NOT about quark chirality
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  Colliders do not care about neutrino flavor

  World’s best bounds for tau and electron neutrinos for NSI contact 
interactions

  Colliders do care about quark flavor, but NOT about quark chirality

  The          initial state dominates:         Vs         Colliders
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  Colliders do not care about neutrino flavor

  World’s best bounds for tau and electron neutrinos for NSI contact 
interactions

  Colliders do care about quark flavor, but NOT about quark chirality

  The          initial state dominates:         Vs         Colliders

  The interference is not relevant now, but it might be at 14 TeV
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o   Analysis is systematics dominated:  
•    there is a pT cut that maximizes the signal  
•    the LHC is already more constraining! 
•    a luminosity upgrade will not improve the bounds  
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Current bounds will remain the world’s best 
bounds for a while….!
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How accurate is the assumption of contact NSI? 

New Physics at tree-level: 

mNP � 500λNP

� = O(1)

�
λNP v

mNP

�2

� 0.2

o  LHC might have a chance to detect the mediator… 
o  New signatures (beyond monojets) might be present… 
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Monojets and Light mediators at the LHC… 

Current bound

No syst., 30 fb �1

Broad resonance
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Collider bounds strongly depend on the 
mediator’s mass (here a Z’):  

•  Contact interaction limit applies if the   
mediator’s mass is above 5-10 TeV. 

IF NOT, THEN 

•  Bounds can be much stronger for masses of 
a few hundred GeV’s 
•  Bounds become weaker for masses below 
100 GeV, whereε~ (1/MZ’)2  

q

q

ν

ν
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How to discriminate neutrinos  
from other invisible stuff? 

  Neutrinos have electroweak charges 

W+

lβ

lα

W−
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pp → W+W−lαlβ

See also Davidson & Sanz ‘11 

• Look for 3 or 4 charged leptons 
•  Background:                                                      and  

•  This process is potentially important, but needs a high luminosity (small rate…): 
EX: requiring less than 10 events with pT>200 GeV we have       

pp → WWZ/WZ/Wγ∗ pp → tt → W−W+bb

Cut in the ll invariant mass pT cut on the leptons 

L=10 fb-1 is needed to compete with 
monojets, but the search might suffer

less systematic uncertainty  

�dP � 0.8

�
fb−1

L
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Conclusions!

o    Neutrinos exist. Non-Standard neutrino Interactions are 
motivated extensions of the SM.


o    With current data Monojet LHC searches provide the world’s 
best model-independent bounds on electron and tau neutrinos


•  bounds are systematics dominated  
•  bounds change for light mediators (model-dependent) 

o    Both Dark Matter and neutrinos lead to Monojet signals, 
but:


I.   Neutrino missing ET signals interfere with the SM 
II.   Neutrinos have SU(2)L charges, and can be distinguished from invisible stuff  
           looking for W+W-l+l-: search required! 
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